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' FOREWORD
{ i The Air Force Flight Evaluation (AFFE) of the A-10A aircraft began

on 10 October 1972 with the acceptance of the first aircraft from the

contractor. The second aircraft was accepted on 24 October 1972. A total
of 138.5 hours was accumulated during 87 flights. The program was com-
pleted on 9 December 1972.

! This appendix presents the results from the Weapon Delivery phase

of the AFFE. The basic report, FTC-TR-73-3 Air Force Flight Evaluation
(systems) of the A-10A Prototype Aircraft, published under separate cover,
presents the results of the general system evaluation, quantitative re-
liability and maintainability, and personnel subsystem test and evaluation.

Test authority for the program was provided under Piogram Introduction
Document No. P-71-7-10, submitted by the A-X System Program Office, and
AFFTC Pro~ect Directive No. F-72-4-9.

Foreign annountcement and dissemination by the Defense Documentation
Center are not authorized because of technology restrictions of the U.S.

6 Export Control Acts as implemented by AFR 400-10.

Prepared by: Reviewed and approved by:,
,/) 16 May 1973

JOSEPH C. ORWAT GEORGE P. LYNCH. JR.
Captain, USAF Lieutenant Colonel, USAF
A-X Weapon Delivery Project A-X Joint Test Force Director

Engineer

WILLIAM L. SKLIARColonel, USAF
Asst Deputy Commander for Operations

HOWARD M. LANE
Brigadier General, USAF
Commander
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INTRODUCTION

This appendix presents the results of the Weapon Delivery phase of
the A-10A AFFE. This evaluation was part of the A-X Competitive Prototype
Program. Two A-10A aircraft, S/N 71-1369 and 71-1370, were assigned to
the AFFE. A total of 138.5 hours was accumulated during 87 flights of
which 60.7 hours were devoted to weapon delivery missions and 13.7 hours
to systems evaluation. The remaining flight hours were devoted to per-formance, flying qualities, and operational suitability evaluation.

After the AFFE was completed, an additional test was conducted at
the request of the A-X SPO to obtain the best scores using contractor
selected release conditions.

PROGRAM OBJECTIVES

The objectives of the weapon Delivery phase of A-X AFFE were to:

1. Evaluate the A-9A and A-10A prototypes in the weapon delivery area

to detect differences in capability.

2. Apply a statistical methoC to produce a score for each prototype.

3. Provide inputs to the Source Selection Evaluation Board.

To accomplish these objectives, the weapon delivery evaluation was
based on the following:

1. The tests were designed to increase observed differences between
the competing aircraft by selection of the most difficult delivery
conditions from a combined pilot/aircraft point-of-view. The test
was not designed to show the best possible A-X accuracies.

2. Four closely matched pilots were selected to fly both prototype
under identical conditions. No attempt was made to differentiate
between inherent aircraft accuracy and pilot ability.

Within these constraints, the tests were further designed to provide
realism and measure effectiveness by considerin 'f"te following:

1. Bombing hit percentages within radii close to the nominal lethal
radii of the MK-82.

2. Bombing miss percentage outside specified rectangles to represent
hazards to friendly troops.

3. Strafing hit percentages within a circle representative of the
vulnerable areas of a tank.

4. Simulated combat delivery conditions with short tracking time, no
dry passes, and limited passes per profile with run-in heading changes
consistent with range safety limitations.

Z.. .



TEST PROCEDURES
The procedures used as a guide in assessing the weapon delivery per-

formance of the competing aircraft were prepared jointly by USAF, AFSC,
ADTC, ASD, TAC, AFFTC and private consultants.

WEAPON DELIVERY

Two AFFTC test pilots and two TAC pilots were selected to participate
in the A-X weapon delivery portion of the AFFE. These pilots participated
in an A-37 Weapon Delivery Training and Evaluation Program with three
other pilots prior to the AFFE. Profiles and procedures designed for
the AFFE were utilized. Weapon delivery scores obtained during this eval-
uation were considered to insure the selection of four closely matched
pilots to participate in the AFFE. Results of this evaluation are con-
tained in reference 1.

An A-9A and an A-10A aircraft were flown as a flight of two for
weapon delivery over the Precision Impact Range to reduce environmental
variables. They flew the same sequence of headings, profiles, and events.
A special scheduling system was implemented to insure that each of the
four pilots flew an equal number of missions in each aircraft and that

Ilf each aircraft flew as flight lead and number two an equal nubmer of times.
In addition, the A-X weapon delivery pilots rotated between the A-9A and
A-10A to permit flying of different aircraft on consecutive sorties when-
ever possible.

The tests were flown in five different profiles designated as Alpha,
Bravo, Charlie, Delta, and Echo. A description of these profiles is pre-
sented in table I. No dry passes were allowed. Existing pilot balloon
(PIBAL) winds were provided to the pilots prior to each mission. Each air-
craft was ballasted to simulate the operating weight and inertias of the
proposed production aircraft. Weapon loading was full 20mm ammunition in
all cases plus either 10 MK-82 (one per pylon) or 6 B-37K racks with BDU-
33's (4 per rack) and 4 inert MK-82's on single pylons on the outer most
stations.

BOMBING

The release altitudes were selected to assure recovery within the
aircraft and range operating restrictions. A specified roll-in altitude
was used for each profile and the release altitude calculated to permit
pullout i.sing a 2-second buildup to 4 g's (or 80 percent of maximum usable
lift). The minimum altitudes for the profiles were above the MK-82 frag-
mentation pattern. The difference between the roll-in altitude and release
altitude was set to the minimum feasible level based on previous A-b and
A-37 flight experience. In any case it did not exceed six seconds tracking
time for bombing. One bomb was delivered per pass with the bombing attack
azimuth changing at least 90 degrees for each pass. These -attack headings
corresponded to the cardinal headings. Three bombing passes were performed
per profile, i.e., three profile Alpha deliveries followed by three profile
Bravo deliveries, until all programmed bombs were released. The initial
profile for a mission was rotated so that an equal number of bombs were
released for each profile. Bomb release sequence by station was stipu-
lated prior to mission launch. During the mission, weapon impacts were
recorded by range personnel using the trian.gulation method. Immediately
following the mission these impacts were surveyed.
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STRAFING

Strafing passes were conducted on the Dual-Air-Ground-Range (DAGRAG).
Four strafing passes were performed per profile on the same heading. Straf-
ing duration was limited to 60 rounds per pass by a timer. A newO strafing
banner was used for each pass. These banners were mounted at 45 and 15
degrees to the vertical for profiles DELTA and ECHO, respectively. Track-
ing time for the DELTA profile was limited by restricting the roll-in
altitude as described for the bombing profiles. ECHO tracking time was
restricted by initiating the final approach at a specified altitude and
ground distance from the target. The hits in the 20- X 20-foot banner
were scored to determine the hits within a 3-foot and 6-foot radius for
profiles Echo and Delta, respectively.

Table I

A-10A WEAPON DELIVERY RELEASE CONDITIONS

Flight Profile
ALPHA BRAVO j CHARLIE DELTA ECHO

Base altitude 8,200 4,500 2,600 5,100 1,100
(ft AGL)

Base airspeed 220 220 220 220 165
(KIAS)

Dive angle 60 45 25 45 10-20
(deg)

Speed brake 40b 35a
(pct) 30 45 40 30 0

Power setting IDLE IDLE IDLE IDLE IDLE

Release altitude 4,550 2,250 1,250 2,700 ---
(ft AGL)

Release airspeed 340/350 265/275 240/250 290/300 165/175
(KIAS/KCAS)

a a aSight setting 100 160 200
(MILS) 096 b 158b 198b 000 006

aBDU-33

bMK-82

Cease fire before 1,600-foot foul line.

A3

J-$

__________.. .. . .. ....________________________________ A



1,7S

OPTIMUM WEAPON DELIVERY PROFILE

The weapon delivery portion of the A-X AFFE was designed to detect
and emphasize differences in capability between the A-9 and A-10 aircraft.
As a result the best possible accuracies were not shown because the optimum
release condition for each aircraft was not used. Therefore, an addi-
tional test was designed to obtain the scores for each aircraft using the
contractor's estimated optimum delivery condition. This test was accom-
plished after the completion of the weapon delivery phase of-the AFFE.

The basic test procedures used during this test were the same as
those used in the weapon delivery portion of the AFFE with the following
exceptions:

1. Only one contractor-defined profile was used during this evaluation.

2. All releases were made from the same attack heading.

3. Twenty-four BDU-33 bombs were dropped from each aircraft during each
mission.

4. The four pilots used during the AFFE weapon delivery evaluation were
used in this test. In general, the two pilots with the best scores
in the A-9 aircraft evaluated the A-9 and the two pilots with the
best scores in the A-10 aircraft evaluated the A-10.

WEAPON DELIVERY

EFFECTIVENESS ANALYSIS

Weapon delivery assessment was based on weapon effectiveness where
weighting factors were assigned to scoreable bomb impacts, gross bomb
misses and scoreable strafing impacts. The scoring target arrangement
is illustrated in figure 1.

For bombing, each bomb was scored as a hit (impact within Area I),
or a gross miss (impact within Area II). Radius of the circle for Area
I (R) was 40 feet for Profile Alpha, 35 feet for Profile Bravo, and 30
feet for Profile Charlie. Dimension X was 260 feet, 150 feet, and 120
feet for Profiles Alpha, Bravo, and Charlie, respectively.

Likewise, a radius of 6 feet for Area III (r) was used for strafing
impacts for Profile Delta and a radius of 3 feet for Profile Echo.

As will be shown later, bomb impact in Area I, or a strafing impact
within Area III, was additive (after weighting) to the score. However,
gross bomb misses in Area II, subtracted (after weighting) from the score,
since such impacts could represent strikes on friendly troops.4i

7 '!
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Figi.. 1 Scoring System

IPEIGHTING

The profile weighting factor was applied to the various profiles
to designate importance or degree of difficulty. The weights were:

Alpha30

Bravo 30%

Charlie 40%

Delta 50%

Echo 50%

p 5
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The area weight was applied to impact areas based on hits within
Area I and Area III being highly desirable and hits within Area II un-
desirable since it was representative of friendly troop positions.

The weights were:

Weight for bomb impact Area I 200

Weight for bomb impact Area II -100

Weight for strafing impacts Area III 100

(Note: Bob impacts within the rectangle X by 2X, but outside
Area I, were scored as 0 since such impacts do not constitute
an effective target kill.)

These weights were then apportioned to sum to a total average score
of 100. The weights were used in the computation of K factors as shown
below.

K-FACTORS4 KAH = 6 (0.3) (200) = Profile Alpha hit weight

K = 6 (0.3) (200) = Profile Bravo hit weightBH

KCH = 6 (0.4) (200) = Profile Charlie hit weight

KAM 6 (0.3) (-100) Profile Alpha gross miss weight

K = 6 (0.3) (-100) = Profile Bravo gross miss weightBM
K = 4 (0.5) (100) = Profile Delta hit weight
D

K = 4 (0.5) (100) = Profile Echo hit weightE

SCORING

Explanation of Terms

A, B, C, D, E, = Profile Designation

P - (subscript H) = Percent of hits (Area I & III) for
Profile P (replace P by A, B, C, D, or E).

- (subscript M) = Percent of gross misses (Area II) forProfile P.

pN _ (superscript N) denotes Northrop prototype.

SH(i,j) - (subscripts i and j) denote pilot i and all (sum) j
passes (where i ca;n equal 1, 2, 3, or 4 and j equal
1, 2, 3 for bombing" or 4 for strafing).

6
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A M(2,3) = Percent gross misses for pilot 2, on all 3rd passes,profile Alpha, Fairchild-Republic prototype.

D N = Average percent hits for pilot 1, on all 2nd passes,profile Delta, Northrop prototype.

A total numerical score was computed for each contractor which de-
fines overall weapon effectiveness. These scores were computed as an
average score obtained by each pilot, each profile, and each 1st through
N passes. These individual scores were computed as follows:

Bombing effectiveness score for pilot i, all j passes, profile P, Fairchild-
Republic prototype:

F FBSFKH(i,j) + KS(ilj)

P(i,j) PH pF N +KPM F PN
H(ij) H(i,j) M(ij) M(i,j)

Bombing effectiveness score for pilot i, all j passes, profile P,
Northrop prototype:

N N N

BSN K i(i,h) K PM(i,j)
P(i,j) PH F N KPM F N

H(i,j) +  H(i,j) M(ij) +  (i,j)

There were 36 individual bombing effectiveness scores for each con-
tractor's prototype (4 pilots x 3 profiles x 3 passes/profile).

Strafing effectiveness score for pilot i, all j passes, profile P,
Fairchild-Republic prototype:

pF

F P K H(i,j)P(i,j) P pF N
H(ij) + PH (i,j)

Strafing effectiveness score, for pilot i, all j passes, profile P,
Northrop prototype:

N
N P H(i,j)SSp(ij) KP F pN

P+H(ij) H(i,j)

There were 32 possible strafing effectiveness scores for each con-
tractor's prototype (4 pilots x 2 profiles x 4 passes/profile).

7
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TEST RESULTS

BOMBING

The bombing results are presented in the following format: scatter
plots per profile, frequency and cumulative distribution plots per pro-
file in both feet and mils, overall frequency and cumulative distribution
plots in both feet and mils, and first, second, and third pass cumulative
distribution per profile.

Specifics for each mission are presented in tabular form in the
Mission Summary Section. This tabulated data shows the atmospheric condi-
tions, release conditions, surveyed impact, pilot, profile, and other
pertinent data.

Figures 2, 3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 32, 33, 36, 37, and
tables II and IV along with the bombing and strafing scores were submitted
to the Source Selection Advisory Council. Table II presents the circular
error average (CEA) and the circular error probable (CEP) for the three
bombing profiles along with CEA and CEP for all profiles. This data repre-
sents 635 bombs and 250 strafing passes. First, second, and third pass
cumulative distribution data are presented for each profile in figures 21
through 29. A comparison was made between the data from all passes for
a given profile with first, second, or third pass data for that profile.
The results are summarized in table III. The results show no overall
significant difference in accuracy between first pass, second pass, third
pass, and all pass data. The data indicates that the range patterns
flown eliminated the effect of pass number on the overall accuracy, and
each pass was essentially a "first pass."
STRAFING

The strafing results are presented in the following format: frequency
and cumulative plots for hits on the banner and bulls per profile. A bull
was a hit within a six-foot radius for profile DELTA and a three-foot radius
for profile ECHO. Specifics for each mission are presented in the Mission
Summary section. This tabulated data shows the pilot, profile, pass, roll-
in-direction, rounds fired, hits, bulls, target number, and other pertinent
data. Table IV presents the average percent hits and average percent bulls
for the two strafing profiles.

OPTIMUM PROFILE

Figure 38 presents the bomb impact points for the optimum weapon de-
livery profile along with the delivery conditions. The CEA for this pro-
file was 44 feet. This shows an improvement of approximately three to one
when compared to the overall CEA of 109 feet obtained using the procedures
set up for the A-X AFFE.

BOMBING AND STRAFING EFFECTIVENESS SCORES

The numerical scores for bombing and strafing determined by the weapon
delivery scoring system are 129.16 and 100.32 , respectively.

8"



Table II

A-10A BOMBING ACCURACY

Flight CEA No. CEP
Profile (ft)/Bombs (ft)

ALPHA 138/207 12,

BRAVO 102/213 93

CHARLIE 88/215 78

OVERALL 109/635 93

Table III

A-10A WEAPON DELIVERY ACCURACY BY PASS

Flight Profiles
ALPHA BRAVO CHARLIE

CEP
Pass (ft)

First 108 102 69

Second 123 89 82

Third 108 89 78

Overall 114 93 78

Table IV

A-10A STRAFING ACCURACY

Average Average
Percent No. Percent
Hitsa /Passes Bulls

DELTA 18.2/124 6.38

ECHO 61.4/126 6.78

aHit - Impact on 20 x 20 ft banner

bBull - Impact within 3 ft radius - ECHO

6 ft radius - DELTA



MISSION SUMMARY

EXPLANATION OF TERMS

Item Descripticn

A-WIND Magnitude and direction of
wind at release altitude

B-WIND of profile Alpha, Bravo,
C-WIND and Charlie, respectively.

Weapon Type 3 - BDU-33
8 - MK-82

Data Code A - Actual dive angle and
release altitude.*

B - Nominal dive angle and
actual release altitude.

C - Actual dive angle and
nominal release altitude.

D - Nominal dive angle and
release altitude.

*Dive angle and release altitude were
obtained from radar tracking.

-10
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I4

HEADING

BOMB IMPACT POINTS

FOR A-IOA AIRCRAFT

OPTIMUM RELEASE PROFILE

DELIVERY CONDITIONS:

DIVE ANGLE - 45 DEGREES
BASE ALTITUDE - 5586 FEET AG
BASE AIRSPEED - 220 KNOTS (iNDICATED)
SIGHT SETTING - 145 MILLIRADIANS
SPEED BRAKE SETTING - 20 PERCENT
RELEASE ALTITUDE - 2386 FEET AGL
RELEASE AIRSPEED - 325 KNOTS (INDICATED)
POWER SETTING AT RELEASE - IDLE

Scale: 1 division = 5 feet
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